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1
SYSTEM AND METHOD FOR PURIFYING
SHIP DIESEL EXHAUST GASES

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a §371 National Stage Application of
PCT/EP2010/070120, filed Dec. 17, 2010, which claims pri-
ority to German Application No. 10 2009 059 773.5, filed
Dec. 21, 2009.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a plant and a process for purifying
marine diesel exhausts of fine dust particles, and also of
certain flue gases.

2. Description of Related Art

The operation of ships, in particular of large ships, as are
generally conventional in container shipping, customarily
proceeds using heavy oil as a fuel of the marine diesel
engines. This takes place against the background that the
prices and availability of such heavy oil are significantly
lower than those of refined types of motive power fuel.

Such heavy oils are generally also called “marine residual
0il”, since they are predominantly obtained from residues of
petroleum processing.

In this case residue means that these components are
formed as a no longer volatile part of a petroleum-processing
process.

The main components of marine residual oil are predomi-
nantly alkanes, alkenes, cycloalkanes and highly condensed
aromatic hydrocarbons (asphaltenes) having about 20 to 70
carbon atoms per molecule and a boiling range between 300°
C. and about 700° C.

In addition, aliphatic and also heterocyclic nitrogen and
sulphur compounds are also present in marine residual oils.
Customarily the marine residual oils have a nitrogen content
of at least 0.5% by weight and a sulphur content of up to 6%
by weight. The sulphur content of the residual oils customary
in the operation of ships is in the range from 3.5% by weight
to 4.5% by weight. In such residual oils, furthermore, all
metallic impurities of the petroleum such as nickel, vana-
dium, sodium, calcium and others are concentrated. Com-
pared with the marine residual oils, diesel power fuels, as are
permitted for combustion in cars or lorries in Germany, have
a sulphur content of a maximum of 0.001% by weight (10
ppm).

For some time there has existed an International Conven-
tion for the Prevention of Pollution from Ships (MARPOL).
Since 19 May 2005 this convention also comprises a guide-
line which regulates the emission of exhausts by ships.

In particular, limiting values are established herein for
emitted nitrogen oxides and sulphur oxides for certain sea
areas. Compliance with the limiting values is monitored by a
multiplicity of national and international shipping authorities
and infringement of the regulations is punished with substan-
tial fines.

Currently the ships’ owners are therefore forced to change
over to comparatively expensive reduced-sulphur motive
power fuels since alternatives to these are not available in the
maritime sector.

On the other hand, flue gas purification and, in particular,
flue gas desulphurization has in the interim become a known
technology in the context of operating chemical process
plants. However, such devices and processes are customarily
plants and processes of considerable size, the adaptation of
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which to the use for purifying marine diesel exhausts is not
readily possible, since on ships the existing space must con-
tinue to be available as freight space and since operation in a
complex interconnected process as is customary in chemical
process plants is not possible.

A process and a device for wet purification of crude gas
streams is described for instance in DE 198 32 174 C1. DE
198 32 174 C1 describes that the wet dedusting of dust-laden
exhaust and also separating off SO, and other gaseous com-
ponents from exhausts is made possible by means of the
device and the process carried out in the device.

DE 198 32 174 C1 also describes a plant comprising what
is termed a venturi scrubber having a certain nozzle having
feed lines for a crude gas and a scrubbing liquid, and also an
outlet line for the dust-laden scrubbing liquid together with
the purified gas. The outlet line for the dust-laden scrubbing
liquid and the purified gas is at the same time a feed line to a
cyclone in which the dust-laden scrubbing liquid is thickened
and from which the thickened scrubbing liquid is removed
from the plant via a first outlet line. Via a second outlet line of
the cyclone, which at the same time is a feed line to a rotary
scrubber, the remaining residual stream essentially compris-
ing the purified gas is fed to the rotary scrubber. In the rotary
scrubber, according to DE 198 32 174 C1 the remaining
fractions of the dust are separated off from the purified gas
and the very pure gas stream is then removed from the plant
via an outlet line of the rotary scrubber.

DE 198 32 174 C1 does not disclose a plant or a process
which permits further purification of the scrubbing liquid by
means of disc separation devices. Accordingly, the device and
the process according to DE 198 32 174 C1 may not enable
fractionation of the various components of the crude gas
introduced. In addition, DE 198 32 174 C1 does not disclose
that the described plant may be usable for purifying marine
diesel exhausts or that the disclosed process could find use
here.

DE 43 31 301 C2 describes a device for purifying exhausts
which, according to DE 43 31 301 C2, differs from devices of
similar type otherwise known from the prior art by a reduced
space requirement.

DE 43 31 301 C2 does not disclose further devices con-
nected to the device described there, said further devices
being for treating the scrubbing liquid used in the device.
Accordingly, the device according to DE 43 31 301 C2 like-
wise may not enable fractionation of the various components
of the introduced crude gas. Furthermore, DE 43 31 301 C2
does not disclose that the disclosed device would be usable
for purifying marine diesel exhausts.

Against the background of the prior art, the object is there-
fore to provide a plant and a process which enable marine
diesel exhausts from the combustion of heavy oils to be puri-
fied and fractionated in such a manner that the ships can
continue to be fuelled by heavy oil, but the operation does not
infringe the valid provisions with respect to the exhaust lim-
iting values. The above-described fractionation must be
implemented such that the highest possible part of the frac-
tions can be introduced back into the surrounding such sea-
water even during the operation of the ship.

SUMMARY

It has now surprisingly been found as a first subject matter
of the present invention that this object can be achieved by a
plant for purifying marine diesel exhausts from the combus-
tion of heavy oils, which is characterized in that it comprises
a) a spray tower comprising feed lines for the combustion gas

and water,
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b) a venturi scrubber connected directly to the spray tower
and comprising a further feed line for water,

¢) a mist eliminator, in the form of a cyclone, which is con-
nected to the venturi scrubber and comprises outlet lines
for purified gas and scrubbing liquid, and also 5

d) a disc separator connected to the mist eliminator via the
outlet line for the scrubbing liquid.

BRIEF DESCRIPTION OF THE DRAWINGS
10

FIGS. 1-2 represent embodiments as described herein.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT
15

The plant according to the invention is particularly advan-
tageous because it has surprisingly been found that the above-
described combination of devices permits, in operation
thereof, only a small fraction of water loaded with fine dust
and oil at high concentration to be retained, while the remain-
ing fractions can be safely introduced into the seawater.

In particular, the provision of a disc separator has proved to
be surprisingly advantageous, because using this disc sepa-
rator it is possible, in particular, to separate in a simple man-
ner the multiphase mixture of various solids, an oily fraction
and an aqueous fraction, which is seemingly difficult to sepa-
rate.

The spray tower according to the plant according to the
invention is customarily a spray tower which comprises a
multiplicity of nozzles for introducing water. The nozzles are
then connected via suitable distributor devices in a generally
known form to the water feed line to the spray tower.

In a preferred embodiment of the plant, the spray tower
comprises at least two levels in the vertical direction, wherein
at least one nozzle is situated in each of the levels.

A level in this context denotes an imaginary horizontal
section through the spray tower at a site in the vertical exten-
sion of the spray tower.

Within the preferred embodiment of the plant having a
spray tower which comprises at least two levels, itis preferred
if the nozzles in the levels comprise outlet openings which are
arranged rotationally symmetrically about the centre point of
the spray tower.

Rotationally symmetrically arranged in this context means
that, for example, in the case of a single nozzle in one level of 45
the spray tower, this nozzle is arranged in the centre point of
the spray tower. In the case of two or more nozzles this means
that the outlet openings of the nozzles are arranged at in each
case the same angular spacing from one another about the
periphery of at least one circle having a radius smaller thanor 50
equal to the radius of the spray tower, wherein here a further
outlet opening of a nozzle can also be arranged in the centre
point of the spray tower and thereby be arranged at a radius of
0.

The outlet openings of the nozzles can be orientated in any 55
direction. Preferably, the outlet openings in at least one of the
levels point vertically from top to bottom.

Within the preferred embodiment having a spray tower
which comprises at least two levels, the spray tower contains
four levels having nozzles. In the vertical direction from top to 60
bottom, in this case the first level comprises only one nozzle
having a downwardly directed outlet opening. The second
level in this case comprises six nozzles which are arranged
about the periphery of the spray tower and the outlet openings
of which are orientated downwards. The third level in this 65
case comprises seven nozzles of which six are arranged about
the periphery of the spray tower and one is arranged in the
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centre point of the spray tower, and wherein all outlet open-
ings of these seven nozzles are oriented upwards. The fourth
level likewise comprises seven nozzles, of which six are
arranged about the periphery of the spray tower and one is
arranged in the centre point of the spray tower, wherein,
however, all outlet openings of these seven nozzles are orien-
tated downwards.

The venturi scrubber connected directly to the spray tower
is situated in a further preferred embodiment of the device
according to the invention together with the spray tower in the
same device and is separated from the spray tower only by an
internal device.

The abovementioned internal device is customarily an
internal device which comprises at least a bubble cap as are
generally known to those skilled in the art in the field of
distillation devices in connection with the bubble cap trays
customary there.

Preferably, however, the internal device consists only of a
bubble cap.

In a preferred embodiment of the plant according to the
invention, only a bubble cap is provided as internal device
between spray tower and venturi scrubber, while these are
situated in the same device and this one bubble cap is con-
structed in such a manner that it consists of a plurality of discs
with a rim, arranged one above the other, wherein the respec-
tive surfaces of the discs with a rim have an angle of incidence
to the horizontal in the range from 1° to 15°, and wherein by
means of this angle of incidence the surfaces of the discs run
essentially conically towards the centre up to a point.

Within this preferred embodiment, the plurality of discs
with a rim, arranged one above the other, as a bubble cap are
preferably connected to one another via vertically running
tube segments and bridges and the discs with a rim each have
a diameter which is greater than the diameter of the tube
segment situated beneath the disc in question, such that the
distance between the tube segment and the disc lying there-
above is bridged by the abovementioned bridges and the disc
is thereby connected to the tube segment lying therebeneath.

The tube segment over a respective disc can be mounted on
the disc or be a component of the disc situated therebeneath.
If the tube segment is a component of the disc lying therebe-
neath, this disc can also have a circular opening in the form of
the tube segment situated thereabove.

Particularly preferably, the abovementioned one bubble
cap consists of a first disc having an angle of incidence in the
range from 1° to 15° with a rim, on which bridges are
mounted which connect this first disc to a first tube segment of
a diameter less than the diameter of the first disc, wherein this
first tube segment is a component of a second disc of a
diameter greater than the diameter of the first disc which in
turn has an angle of incidence in the range from 1° to 15°, and
wherein this second disc also has a rim on which bridges are
mounted which connect this second disc to a second tube
segment of a diameter less than the diameter of the second
disc, wherein this second tube segment is also a component of
a third disc of a diameter greater than the diameter of the
second disc. The outer lower rim of the third disc is at the
same time connected to the bottom of the spray tower and the
bubble cap thereby forms the lid of the directly connected
venturi scrubber.

This particularly preferred embodiment is particularly
advantageous because owing to the direct connection of the
venturi scrubber to the spray tower, firstly the size of the plant
can be reduced, but at the same time the advantageous prop-
erties of a bubble cap tray relating to the possibility of inten-
sive phase contact can be integrated into the plant.
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At the bottom of the spray tower, according to the above-
described preferred embodiment, a ring of liquid forms up to
amaximum of the height of the second tube segment, wherein
the liquid can be removed preferably by outlet lines provided
at the spraying tower of the plant. This permits a first liquid
substream to be separated off which can optionally be treated
separately. Depending on the fractions of contamination
already bound in the liquid, this can also be passed back into
the seawater in the scope of the process according to the
invention.

The venturi scrubber connected to the spray tower is pref-
erably a device as is already described in DE 198 32 174 C1.
The use of such venturi scrubbers in the plant according to the
invention permits a later operation of the process according to
the invention with only a very low pressure drop over the
entire plant.

Such a venturi scrubber consists preferably of a flow tube
in which one or more parallel venturi throats are situated and
one or more hybrid nozzles are disposed upstream of the
venturi throats. Particularly preferably, the entry point for
liquid into the first resonance chamber of the hybrid nozzle
can be varied.

Likewise preferably, the hybrid nozzles of the venturi
scrubber are adjustable with respect to their spacing from the
venturi throat.

Particularly preferably, the one or more venturi throats are
formed by at least two parallel cylinders and are arranged
horizontally in a level next to one another and at least one
hybrid nozzle in each case is assigned to each throat.

Likewise particularly preferably, displacement bodies are
arranged downwards in a vertical direction seen from the
venturi throats. These displacement bodies are preferably
axially movable.

The hybrid nozzles described hereinbefore in connection
with the venturi scrubber are preferably those as are known
from DE 43 15 385 Al.

The mist eliminator connected to the spray tower in the
form of a cyclone is preferably a device as is likewise already
described in DE 198 32 174 Cl1. Alternatively, however,
cyclones as are generally known to those skilled in the art can
be used.

The cyclones permit the liquid droplets which exit from the
venturi scrubber as an aerosol in the purified gas stream to be
separated off.

In a further preferred embodiment of the plant according to
the invention, on the cyclone, in addition to the feed lines
from the venturi scrubber, further feed lines are also provided
which are connected to the outlet lines from the spray tower as
are provided in the preferred embodiment of same for remov-
ing the liquid from the liquid ring at the bottom of same.

These further feed lines are preferably provided at the top
end of the substantially vertical cyclone.

Such a further preferred embodiment of the plant is par-
ticularly advantageous, because by means of this, in the
cyclone, in addition to the separation of the liquid droplets, a
further purification of the gas stream also proceeds once
more. Owing to the feed line of the liquid in the top region of
the cyclone, gas and liquid flow in countercurrent, so that a
particularly efficient purification proceeds. At the same time,
the liquid droplets are absorbed directly into the residual
liquid and the liquid stream is thereby combined again. This
permits a simplified handling of the liquid.

The liquid can be removed via a first outlet line at the
bottom of the cyclone. The purified gas stream can leave this
cyclone via an outlet line at the top of the cyclone and thereby
leave the plant.
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The outlet line at the bottom of the cyclone is at the same
time the feed line to the disc separator connected in the plant
according to the invention.

Disc separators as are usable in the plant according to the
invention are those as are generally known to those skilled in
the art. Such disc separators comprise in the plant according
to the invention at least a first outlet line and a second outlet
line. The first outlet line is provided at the bottom of the disc
separator and by means of this a highly concentrated solids
suspension is removed.

Depending on the type and composition of this highly
concentrated solids suspension, this solids suspension can
either be fed to a storage device present in a further preferred
embodiment of the plant according to the invention, for
instance in the form of a tank, or, by means of an outlet line
which is connected to the seawater surrounding the ship, can
be discharged back into the seawater.

A second outlet line is provided in the upper region of the
disc separator. Via this second outlet line a very substantially
clean aqueous liquid can be taken off and, optionally together
with further clean aqueous liquids, can be released into the
seawater.

In one more further preferred embodiment of the plant
according to the invention, the plant according to the inven-
tion comprises a pump having a filter built into the feed line to
the spray tower downstream of the pump, wherein the feed
line of the pump (suction side) leads into the seawater.

By means of this preferred embodiment of the plant, it is
possible to supply the entire plant according to the invention
with seawater for purifying the exhausts.

In one more further preferred embodiment of the plant
according to the invention, the plant according to the inven-
tion comprises a compressor which feeds ambient air via a
feed line to the preferred hybrid nozzles of the venturi scrub-
ber.

By means of the above-described plant according to the
invention which, with respect to its individual components,
can be produced in any desired size, and therefore is also
suitable for use in ships, the process according to the inven-
tion hereinafter can be carried out, wherein all necessary
starting materials for operating the plant are available at any
operating time point of the ship in a sufficient amount and
cost-free, in particular in contrast to the generally known
processes and plants for flue gas treatment of large industrial
plants such as, for instance, power plants which for flue gas
desulphurization customarily require the use of alkaline solu-
tions, basic salts and/or oxides.

The present invention therefore also relates to a process for
puritying marine diesel exhausts from the combustion of
heavy oils, characterized in that it comprises at least the
following steps

a) feeding a first seawater stream (M, ) and marine diesel

exhausts (A) into a spray tower, and also absorption of at
least some of the pollutant gases and/or solids contained
in the marine diesel exhausts (A) into the seawater (M)
fed in, obtaining a first purified gas stream (G,) and a
first scrubbing liquid stream (W),

b) feeding the first purified gas stream (G,) into a venturi
scrubber together with a further seawater stream (M,)
and also optionally a further gas stream (C), obtaining a
second purified gas stream (G,) and a second scrubbing
liquid stream (W,) in the form of an aerosol in the
second purified gas stream (G,),

¢) feeding the second purified gas stream (G,) and second

scrubbing liquid stream (W) in the form of an aerosol
into a mist eliminator device in the form of a cyclone,
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obtaining a second scrubbing liquid stream (W,') and a
finally purified gas stream (G,),

d) feeding the second scrubbing liquid stream (W) into a
disc separator and separating the second scrubbing liq-
uid stream (W,') into at least one sludge stream (S)
comprising the solids of the marine diesel exhausts (A)
and a clean wastewater stream (W) comprising the now
absorbed pollutant gases from the marine diesel
exhausts (A), and

e) discharging the clean wastewater stream (W) into the

seawater surrounding the ship.

In a first preferred embodiment of the process according to
the invention, the first scrubbing liquid stream (W,) is fed
together with the second purified gas stream (G,) and second
scrubbing liquid stream (W) in the form of an aerosol to the
mist eliminator device in the form of a cyclone according to
step c) of the process according to the invention.

Within this preferred embodiment it is preferred when such
a feeding is performed in such a manner that the second
purified gas stream (G,) passes through the mist eliminator
device in the form of a cyclone according to step ¢) of the
process according to the invention in countercurrent flow to
the first scrubbing liquid stream (W, ).

Such a countercurrent flow mode of operation causes a
further absorption of pollutant gases possibly still present in
the second purified gas stream (G,), and so a particularly
good purification of the marine diesel exhausts (A) can pro-
ceed without the necessity of further complexity in terms of
apparatus.

The process according to the invention is, in particular in
combination with the use of the above-described devices as a
component of the plant, particularly advantageous, because
thereby the pressure drop, based on the stream of the fed in
marine diesel exhausts (A), can be kept particularly low.

The process at no point uses devices and/or processing
measures which would cause such a particularly high pres-
sure drop. Devices which would be particularly disadvanta-
geous here are, for instance, filters for separating off the solids
from the marine diesel exhausts (A) which can be dispensed
with by means of the process according to the invention and
the devices used therein. Furthermore, synergistically, both
the purification of solids is achieved as well as that of pollut-
ant gases absorbable in water, such as, for instance SO,, NO,
etc.

Achieving a particularly low pressure drop in the process
according to the invention is, inter alia, also particularly
advantageous because the operation of the marine diesel
engines only tolerates quite a low pressure drop in the dis-
charge of the marine diesel exhaust (A) from the marine
diesel engine. If this becomes too high, backup of the marine
diesel exhausts (A) into the combustion chamber of the
marine diesel engines occurs, and in the worst case damage to
these occurs. However, at least, considerable loss of power of
the marine diesel engines occurs.

In the process according to the invention using the above-
described plant, in addition, the provision of an additional
compressor for generating the necessary differential pressure
of the marine diesel exhausts (A) can be dispensed with,
which in turn decreases the total energy requirement of the
process and thereby does not lead to a significant increase in
the operating costs of the ships.

The present invention further relates to the use of a plant
comprising a spray tower comprising feed lines for the com-
bustion gas and water, a venturi scrubber connected directly
to the spray tower and comprising a further feed line for water,
amist eliminator, in the form of'a cyclone, which is connected
to the venturi scrubber and comprises outlet lines for purified
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gas and scrubbing liquid, and also a disc separator connected
to the mist eliminator via the outlet line for the scrubbing
liquid, for purifying marine diesel exhausts of pollutant gases
and solids.

Hereinafter the device according to the invention and the
process according to the invention will be illustrated with
reference to some examples, but the examples are not to be
understood as a limitation of the concept of the invention.

In addition, the invention will be described in more detail
with reference to figures, but without them being restricted
thereto.

FIG. 1 shows a schematic representation of the plant
according to the invention built into a ship. The figure shows,
in particular, the marine diesel engine (1), a disc separator
shown schematically as a box (3), and also spray tower with
attached venture scrubber and mist eliminator in the form of
a cyclone (2).

FIG. 2 shows a plant according to the invention for purify-
ing marine diesel exhausts (A) which are fed to a spray tower
(T). Seawater (M, ) is also fed to the spray tower (T) in two
levels via nozzles by means of a pump via a filter (F) which
draws in this seawater directly from the water (M) surround-
ing the ship. A second seawater stream (M,) is fed via a
further pump to the venturi scrubber (V), connected directly
to the spray tower (T), together with additional ambient air
(C), wherein the additional ambient air is drawn in via a
compressor. At the bottom of the spray tower (1) there is
situated an internal device in the form of a single bubble cap
(B) and further outlet lines for removing a first scrubbing
liquid stream (W) which is fed to a cyclone (7). The cyclone
(Z) is in turn directly connected to the venturi scrubber (V).
The finally purified gas stream (G;) and also a second scrub-
bing liquid stream (W,") are passed out of the cyclone (Z). The
second scrubbing liquid stream (W,,") is fed to a disc separator
shown schematically below the cyclone and from which in
turn a clean wastewater stream (W) and a sludge stream (S)
comprising the solids of the marine diesel exhausts (A) are
removed.

EXAMPLES
Example 1

Separation in a Disc Separator of Seawater Loaded
with Marine Diesel Exhausts

Two oil-soot seawater mixtures having a solids content of
40 mg/l and 100 mg/1 respectively (turbidity: 35 NTU, and
167 NTU respectively, determined as specified in [ISO7027 in
a Laboratory Turbidimeter 2100AN IS instrument from the
Hach Company) were produced by passing a diesel engine
exhaust from the combustion of commercially available die-
sel oil through seawater. The seawater used for the production
had a turbidity of 5 NTU (likewise determined as specified in
1SO7027 in the Laboratory Turbidimeter 2100AN IS instru-
ment from the Hach Company).

The abovementioned solids concentrations and turbidities
correspond to values as would also be obtained if exhaust
gases from a conventionally used marine diesel engine were
passed through the abovementioned seawater.

According to the Guidelines of The International Conven-
tion for the Prevention of Pollution from Ships (MARPOL,
MEPC 59/24 Annex 9) only wastewater which has a turbidity
of a maximum of 25 NTU above the initial value (here 5
NTU) may be returned to the sea.
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For this purpose the two oil-soot seawater mixtures were
treated in a disc separator having the technical properties
according to Table 1 hereinafter.

TABLE 1

Technical properties of the disc separator according to Example 1

Property Value Unit
Disc 19 [number]
Disc diameter (internal) 48 [mm]
Disc diameter (external) 93.5 [mm]
Hole circle of the discs 84 [mm]
Riser channels 6 [number]
Riser channel diameter 6 [mm]
Disc spacing 0.6 [mm]
Disc angle to radius 50 [?1

The volumetric flow rate of the continuously operated disc
separator was varied for both oil-soot seawater mixtures in the
range of about 5 to 120 /h (cf. Table 2). The speed of rotation
of the disc separator was set the same for all experiments. It
was in each case 6885 min~' so that based on the riser channel
in each case a relative centrifugal acceleration of 4453xg was
obtained.

TABLE 2

Experimental data and experimental results according to Example 1

35 NTU 167 NTU
Volumetric Volumetric
Experiment flow rate Turbidity flow rate Turbidity

[#] [I/h] [NTU] [I/h] [NTU]

1 13.5 2 4.2 21.7

2 27.5 5.9 13.5 27.9

3 55.8 7.8 22.8 36.5

4 76 13.5 44.7 57.4

5 114 21.7

The clear water taken off from the disc separator had in
each case the turbidities shown in Table 2 (measurement
again as specified in ISO7027 in the Laboratory Turbidimeter
2100AN IS instrument from the Hach Company).

It can be seen that in all cases the limiting values which are
set by the International Convention for the Prevention of
Pollution from Ships (MARPOL, MEPC 59/24 Annex 9) can
be maintained.

It can be seen thereby that the plant according to the inven-
tion permits the operation of ships using heavy oils without
the limiting values of the wash water introduced back into the
seawater being exceeded.

The absorption of pollutant gases into the wash water pro-
ceeded, furthermore, essentially quantitatively, and so pre-
sentation of the measured values here was omitted.

The invention claimed is:
1. A plant for purifying marine diesel exhaust from com-
bustion of heavy oil, wherein said plant comprises:

a) a spray tower comprising one or more feed lines for
combustion of gas and/or water,

b) a venturi scrubber connected directly to said spray tower
and comprising a further feed line for water,

¢) a mist eliminator, in the form of a cyclone, which is
connected to said venturi scrubber and comprises one or
more outlet lines for purified gas and scrubbing liquid,
and

d) a disc separator connected to said mist eliminator via
said outlet line for said scrubbing liquid,
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wherein the venturi scrubber is connected directly to the
spray tower together with the spray tower in the same
device and is separated from the spray tower only by an
internal device, wherein this internal device comprises
only one bubble cap, and wherein this only one bubble
cap includes a first disc having an angle of incidence in
the range from 1° to 15° with a rim, on which bridges are
mounted which connect this first disc to a first tube
segment of a diameter less than the diameter of the first
disc, wherein this first tube segment is a component of a
second disc of a diameter greater than the diameter of the
first disc which in turn has an angle of incidence in the
range from 1° to 15°, and wherein this second disc also
has a rim on which bridges are mounted which connect
this second disc to a second tube segment of a diameter
less than the diameter of the second disc, wherein this
second tube segment is also a component of a third disc
of a diameter greater than the diameter of the second
disc, and wherein the outer lower rim of the third disc is
at the same time connected to the bottom of the spray
tower and the bubble cap thereby forms the lid of the
directly connected venturi scrubber.

2. The plant according to claim 1, wherein said spray tower
comprises at least two levels in a vertical direction, wherein at
least one nozzle is situated in each of the levels.

3. A process for purifying marine diesel exhaust from com-
bustion of heavy oil, wherein said process comprises:

a) feeding a first seawater stream and marine diesel exhaust
into a spray tower, absorbing at least some pollutant gas
and/or solid contained in said marine diesel exhaust into
said seawater stream fed in, obtaining a first purified gas
stream and a first scrubbing liquid stream upstream an
internal device comprising only one bubble cap,

b) feeding said first purified gas stream into a venturi scrub-
ber downstream an internal device comprising only one
bubble cap together with a further seawater stream and
optionally a further gas stream, obtaining a second puri-
fied gas stream and a second scrubbing liquid stream in
a form of an aerosol in said second purified gas stream,

¢) feeding said second purified gas stream and second
scrubbing liquid stream in a form of an aerosol into a
mist eliminator device in a form of a cyclone, obtaining
a second scrubbing liquid stream and a further purified
gas stream,

d) feeding said second scrubbing liquid stream into a disc
separator and separating said second scrubbing liquid
stream into at least one sludge stream comprising said
solids of the marine diesel exhaust and a clean wastewa-
ter stream comprising absorbed pollutant gas from said
marine diesel exhaust, and

e) discharging the clean wastewater stream into seawater
surrounding a ship, wherein this only one bubble cap
includes a first disc having an angle of incidence in the
range from 1° to 15° with a rim, on which bridges are
mounted which connect this first disc to a first tube
segment of a diameter less than the diameter of the first
disc, wherein this first tube segment is a component of a
second disc of a diameter greater than the diameter of the
first disc which in turn has an angle of incidence in the
range from 1° to 15°, and wherein this second disc also
has a rim on which bridges are mounted which connect
this second disc to a second tube segment of a diameter
less than the diameter of the second disc, wherein this
second tube segment is also a component of a third disc
of a diameter greater than the diameter of the second
disc, and wherein the outer lower rim of the third disc is
at the same time connected to the bottom of the spray
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tower and the bubble cap thereby forms the lid of the
directly connected venturi scrubber.

4. The process according to claim 3, wherein said first
scrubbing liquid stream is fed together with said second puri-
fied gas stream and second scrubbing liquid stream to said
mist eliminator device in the form of a cyclone.

5. The process according to claim 4, wherein said feeding
is performed in such a manner that said second purified gas
stream passes through said mist eliminator device in the form
of a cyclone in countercurrent flow to said first scrubbing
liquid stream.

6. A plant comprising a spray tower comprising one or
more feed lines for combustion of gas and/or water, a venturi
scrubber connected directly to the spray tower and compris-
ing a further feed line for water, a mist eliminator, in the form
of'a cyclone, which is connected to the venturi scrubber and
comprises one or more outlet lines for purified gas and/or
scrubbing liquid, and a disc separator connected to the mist
eliminator via the outlet line for the scrubbing liquid, wherein
the venturi scrubber is connected directly to the spray tower
together with the spray tower in the same device and is sepa-
rated from the spray tower only by an internal device, wherein
this internal device comprises only one bubble cap and
wherein said plant is capable of being used to purify marine
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diesel exhaust of pollutant gas and/or solid, and wherein this
only one bubble cap includes a first disc having an angle of
incidence in the range from 1° to 15° with a rim, on which
bridges are mounted which connect this first disc to a first tube
segment of a diameter less than the diameter of the first disc,
wherein this first tube segment is a component of a second
disc of a diameter greater than the diameter of the first disc
which in turn has an angle of incidence in the range from 1° to
15°, and wherein this second disc also has a rim on which
bridges are mounted which connect this second disc to a
second tube segment of a diameter less than the diameter of
the second disc, wherein this second tube segment is also a
component of a third disc of a diameter greater than the
diameter of the second disc, and wherein the outer lower rim
of'the third disc is at the same time connected to the bottom of
the spray tower and the bubble cap thereby forms the lid of the
directly connected venturi scrubber.

7. The plant according to claim 2, wherein the at least one
nozzle selected in each of the levels comprises an outlet
opening which is arranged rotationally symmetrically about
the center point of the spray tower.

8. The plant according to claim 2, wherein said spray tower
comprises four levels having nozzles.
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